Medications used to treat rheumatoid arthritis (RA) may confer an increased risk of infection. We conducted a retrospective cohort study of veterans with RA followed in the United States Department of Veterans Affairs health care system from October 1998 through September 2005. Risk of hospitalization for infection associated with tumor necrosis factor (TNF)-> antagonists therapy was measured using an extension of Cox proportional hazards regression, adjusting for demographic characteristics, comorbid illnesses, and other medications used to treat RA.
INTRODUCTION
R heumatoid arthritis (RA) is a chronic inflammatory disorder affecting approximately 1% of the population, which causes joint destruction, pain, and loss of function. 12 Prior studies indicate that the incidence of infections, particularly pulmonary, soft tissue, and bone and joint infections, is higher in patients with RA compared to the general population. 10, 22, 31 Disease-modifying antirheumatic drugs (DMARDs) are the mainstay of RA treatment. Tumor necrosis factor-> (TNF->) antagonists, a newer class of biologic DMARDs, have previously been associated with an increased risk of several types of infections including tuberculosis, candidiasis, coccidiomycosis, histoplasmosis, listeriosis, and nocardiosis. 33 Prior studies have yielded conflicting evidence about the risk of serious infections requiring hospitalization in patients with RA who are treated with DMARDs. A meta-analysis of clinical trial data showed an increased risk for serious infection with infliximab and adalimumab. 3 Two studies have shown an increased risk of serious infection among patients prescribed TNF-> antagonists, 4, 19 while other studies have not found an increased risk for serious infections associated with TNF-> antagonist. 8, 28 In prior studies of patients with RA, non-biologic DMARDs were not associated with an increased risk of infection. 17, 35 In the current study, we used the United States Department of Veterans Affairs (VA) national databases to characterize the risk of and risk factors for developing an infection requiring hospitalization in patients with RA initiated on DMARD therapy. Pharmacy and administrative databases were used to identify drug classes that could contribute to the risk for infection.
METHODS
This study was approved by the institutional review boards of the participating institutions. a repository for VA administrative data. Detailed inpatient and outpatient pharmacy data on the patients were obtained from the VA's Pharmacy Benefits Management program.
Study Sample
The study sample included all veterans who had an inpatient or outpatient ICD-9-CM code diagnosis of RA between October 1, 1998, and September 30, 2005 . To capture patients starting on DMARDs who received outpatient medications from the VA, patients were included only if they had been receiving any medication for at least 4 months before first DMARD. Eligible patients were required to have at least 2 separate outpatient or inpatient clinical encounters during the study period, and to have age and sex recorded.
Patients were censored at the date of the last clinical encounter, or receipt of last DMARD prescription plus the number of days of the prescription plus 5 half-lives of the DMARD, whichever was later. Patients who met inclusion criteria but were uncensored were followed until September 30, 2006. Definitions RA: Identification of patients with RA was based on a previously validated algorithm. 30 The diagnosis required the occurrence of an ICD-9-CM code for RA on at least 1 occasion in either the inpatient or outpatient record, and the subsequent receipt of at least 1 DMARD prescription. The following codes were defined as coding for RA: RA (714.0), Felty syndrome (714.1), RA with visceral or systemic involvement (714.2), or rheumatoid lung (714.81).
DMARD: DMARD medications of interest included the following: hydroxycholoroquine, auranofin, injectable gold, penicillamine, sulfasalazine, methotrexate, azathioprine, leflunomide, cyclophosphamide, cyclosporine, anakinra, etanercept, infliximab, and adalimumab.
Medication group: Treatment of RA is highly individualized based on disease activity, duration of disease, and comorbid conditions. RA treatments were subdivided into medication groups based on their use in the treatment of mild, moderate, and severe disease. 18, 20, 25 Group 1 medications (treatment of mild disease) included hydroxycholoroquine, sulfasalazine, auranofin, injectable gold, and penicillamine. Group 2 medications (treatment of moderate disease) included methotrexate, leflunomide, azathioprine, cyclophosphamide, cyclosporine, and anakinra. Group 3 medications (treatment of severe disease) included the TNF-> antagonists (etanercept, infliximab, and adalimumab). If patients received a medication from more than 1 medication group concurrently, they were assigned to the higher medication group. Prednisone was not included in the DMARD groupings, but use at the time of HFI was assessed.
Patient-time in medication group: Patients were considered to have initiated 1 of the 3 medication groups on the date of the first prescription for a medication in that medication group after a period of 4 months with no prior use of any medication from that group. The patient continued in the assigned medication group until 1) a medication from a higher-numbered medication group was prescribed; 2) the patient switched to an entirely new medication group; or 3) the patient was censored, as described. Thus, a single patient could contribute patient-time from different discrete time periods to more than 1 medication group. A patient could be in only 1 medication group at any point in time.
To account for the prolonged immunosuppressive effects of the medications, outcomes were attributed to a medication group after discontinuation for 5 half-lives of the medication or 1 dosing interval plus 1 half-life, whichever was longer (see Appendix 1, Supplemental Digital Content 1, http://links.lww.com/MD/A4 which shows the at risk period by DMARD).
Hospitalization for infection (HFI): Data from the 2005 National Hospital Discharge Survey (NHDS) 6 were used to create a composite variable for HFI. All ICD-9-CM codes in the NHDS that code for infection and accounted for at least 10,000 admissions in the survey in patients aged 15 years or greater were included in the HFI variable. Any VA hospitalization with a qualifying ICD-9-CM code in the ''primary reason for hospitalization'' field was considered a HFI (see Appendix 2, Supplemental Digital Content 2, http://links.lww.com/MD/A6 which lists the ICD-9-CM codes for infection included in the definition of HFI).
Data Analyses
Incidence of HFI was calculated as number of events per 100 patient-years. For descriptive and bivariate analysis, dichotomous variables were analyzed using the chi-square test. Continuous variables were analyzed using the Student t-test. A 2-sided p-value of e0.05 was considered statistically significant. Risk of outcomes was described using hazard ratios and 95% confidence intervals. Time-to-single-event analysis was performed using Cox proportional hazards regression. Time-to-multipleevent analysis was performed using the Anderson-Gill extension of Cox proportional hazards regression, which allows for multiple events per person. This model assumes that events within an individual patient are independent (for example, patients hospitalized for infection are not at greater risk for a second HFI). This assumption is supported by our analysis using a traditional Cox proportional hazards regression model, which showed no substantial difference in results compared to those obtained using the Anderson-Gill model. When a patient had more than 1 HFI, the start time for the second event began 1 day after hospital discharge for the initial HFI. In regression modeling, membership in each medication group was modeled as a time-dependent dummy variable to account for the change in medication groups over time and adjusted for age, sex, race, and time-dependent comorbid diagnoses. Each drug was also modeled separately and adjusted as above. Our model was adjusted for proximity to the nearest VA hospital based on zip code data. Patients who resided in a zip code where the mean distance to the nearest VA hospital was more than 20 miles at the time of HFI were considered to be distant to a VA hospital. All analyses were performed using SAS software version 6.12 (SAS Institute, Cary, NC). The graph of infection rates per 100 patients was creating using R software version 2.5.1 (R Foundation, Vienna, Austria). A line smoother was employed (spline function) to clarify changes over time.
Validation
Fifty patients with RA who were hospitalized for infection and 100 patients with RA who were not hospitalized for infection at a single center during the study period were randomly identified by ICD-9-CM codes. All medical records during the study period, including discharge summaries, daily notes, and laboratory and radiology data were reviewed by 2 infectious disease specialists (MAL and JRM). Hospitalizations were classified as ''for infection'' or ''not for infection'' based on initial reason for hospitalization. Consensus was achieved in all cases. Adjusted sensitivity and specificity were calculated by extrapolating the validation results over the entire study population.
RESULTS
There were 20,814 patients with mean follow-up of 2.7 years in the study cohort, accounting for 56,854 patientyears of observation (Table 1 ). There were 11,772 patients who contributed patient-time to medication group 1, 13,364 patients to medication group 2, and 3796 patients to medication group 3. Patient demographics, comorbid medical conditions, and medication group are shown in Table 1 . RA patients using TNF-> antagonists (group 3) were somewhat younger than medication group 1 or 2 users but had a similar comorbidity profile. Prednisone was used in 12,025 (57.8%) patients at any time during the study. A total of 1465 patients (7.0%) were hospitalized at least once for infection, and there were 1889 HFI. There were 638 HFI in medication group 1 (3.02 per 100 patient-years), 972 HFI in group 2 (3.48 per 100 patient-years), and 279 HFI in group 3 (3.59 per 100 patient-years). The crude rate of HFI in patients on infliximab, adalimumab, and etanercept was 4.90, 3.38, and 3.26 HFI per 100 patient-years, respectively ( Table 2) .
Pneumonia was the most common infection in all medication groups (Table 3 ). There was no difference in frequency in these types of infection by medication group. Cellulitis (p = 0.04) occurred more frequently in medication group 3 than in group 1. Urinary tract infections occurred less frequently in medication group 3 than in group 1 (p = 0.02).
In multivariate analysis, age and several comorbidities were predictive of HFI (Table 4 ). A higher number of orthopedic procedures was predictive of HFI (hazard ratio EHR^, 1.22; 95% confidence interval ECI^, 1.09Y1.36), though a higher number of intraarticular procedures was not predictive (HR, 0.99; 95% CI, 0.95Y1.03). Among medications, prednisone use was associated with HFI (HR, 2.14; 95% CI, 1.88Y2.43), as was use of DMARDs in medication group 3 (HR, 1.24; 95% CI, 1.02Y1.50). In multivariate analysis comparing the TNF-> antagonists to each another, infliximab use was associated with HFI (HR, 1.51; 95% CI, 1.14Y2.00), while adalimumab use was not (HR, 0.95; 95% CI, 0.68Y1.33) when compared to etanercept. There was no substantial difference in results when time-to-single-event analysis was performed (data not shown).
The mean length of hospitalization and duration of intravenous antibiotics was not significantly different between med-ication groups. The rate of HFI per 100 patients was highest in the first 9 months after entry into a new medication group, for all medication groups (Figure 1) .
The medical records of 50 hospitalizations that were identified as HFI were reviewed, and 46 of the 50 were confirmed HFI, yielding a positive predictive value of the administrative data to validly identify HFI of 92%. Medical records of 100 patients who were coded in the administrative data as being hospitalized Lane et al during the study period for reasons other than infection were also reviewed. Of 162 hospitalizations in this group, there were 12 HFI during the study period. The adjusted sensitivity of our coding algorithm was 83%, adjusted specificity was 97%, and kappa was 0.80 (95% CI, 0.71Y0.89), indicating good agreement between the code and gold standard.
DISCUSSION
In this large cohort of patients with RA in the national United States VA health care system, we identified hospitalizations for infection and types of infection utilizing ICD-9-CM codes and showed the validity of our outcome using electronic medical records. We demonstrated that use of prednisone and TNF-> antagonists was associated with HFI when compared to use of non-cytotoxic DMARDs. We also showed that infliximab was associated with an increased risk of infection compared to etanercept, with an absolute difference in risk of approximately 1Y2 hospitalized infections per 100 patient-years.
The overall incidence of HFI in our cohort, 3.32 per 100 patient-years, is similar to that described in prior studies. In a study utilizing Medicare data, the rate of serious bacterial infections in elderly patients was 2.2 per 100 patient-years. 28 A prospective observational study utilizing a British biologics registry reported infection rates of 4.14 and 5.32 infections per 100 patient-years in those treated with traditional DMARDs and with TNF-> antagonists, respectively. 8 In a Swedish registry of patients with RA, the rate of HFI was 5.4 per 100 patient-years in patients prescribed TNF-> antagonists. 2 Pneumonia, bronchitis, and cellulitis were the most common infections causing hospitalization in our cohort. These infections were among the most common in previous studies. 4, 10 Compared to NHDS data, sepsis was seen less frequently in our study population, which may be due to variability in the accuracy of ICD-9-CM codes to identify patients with sepsis. 23, 27 Additionally, patients aged Q75 years accounted for over twothirds of the discharges for sepsis in the NHDS. 6 It is possible that clinicians prescribed DMARDs to only the healthiest of elderly RA patients, creating a cohort less at risk for developing sepsis. The crude incidence of implant-related infection, postoperative infection, and osteomyelitis was higher in the current study than in NHDS, possibly due to the older age and high burden of comorbid illness in the VA population.
We found that age and several medical comorbidities were independent risk factors for HFI. While some comorbidities (diabetes, malignancy) may contribute directly to infection risk, others (heart failure, arrhythmia) probably contribute to the likelihood that an infected patient will be hospitalized because of perceived frailty and thus risk of poor outcome.
Studies examining the impact of TNF-> antagonists on the risk of serious infections have yielded mixed results. The current cohort, with 20,814 patients on DMARDs and 1889 HFI, is one of the largest such studies to date. In our study, TNF-> antagonist use was independently associated with an increased risk of HFI (HR, 1.24; 95% CI, 1.02Y1.50). A meta-analysis of clinical trial data showed an increased risk for serious infection with infliximab and adalimumab use when compared to comparator arms of those trials (pooled odds ratio, 2.0, 95% CI, 1.3Y3.1), but follow-up was limited to the study period of the trials, and there were only 26 serious infections. 3 Among 1529 German RA patients on DMARDs, including 858 treated with TNF-> antagonists, there was a 2-fold increased risk for serious infections associated with TNF-> antagonist use compared to conventional DMARDs (rate ratio = 2.1). 19 Covariates used for multivariate modeling in this study included multiple markers of RA severity, but a limited number of comorbid conditions that predispose to infection (chronic lung disease, diabetes mellitus, and psoriasis). Administrative claims data from 2393 patients with RA treated with TNF-> antagonists showed a nearly 2-fold increase in risk for serious bacterial infections among patients treated with TNF-> antagonists when compared to methotrexate alone (HR, 1.9; 95% CI, 1.3Y2.8). 4 Our study used a broader outcome measure (including bacterial, viral, and fungal infections), and a different comparison group. Compared to these prior studies, our study had a larger number of observed patient-years.
In contrast, several studies have not found an association between TNF-> antagonists use and serious infections. An observational study of 7664 patients with severe RA from the British Society for Rheumatology Biologics Register did not show an increased risk of infection with TNF-> antagonist use compared to conventional DMARD use after adjustment for disease severity, comorbidity, baseline steroid use, and smoking (incidence risk ratio, 1.03; 95% CI, 0.68Y1.57). 8 However, reanalysis of the study data using alternate ''at risk'' windows did show an increased risk for infection among patients treated with TNF-> antagonists. 7 In a study of 15,597 older, low income United States patients treated with DMARDs, there was no increased risk for infections due to TNF-> antagonists compared to methotrexate. 28 That study included only a select group of bacterial and opportunistic infections as outcomes, while the current study included the most common infections causing hospitalization in United States hospitals. Thus, the discordant results between our study and prior studies may be due to differences in study power, comparison groups, and outcome definitions.
Hospitalization for infection was most common within the first 9 months of therapy across all medication groups. This initial period of increased risk for infection is consistent with the period of increased infection risk reported in previous studies, 2, 4, 5, 7 and may in part be due to the depletion of susceptible patients as those who develop infections discontinue treatment, leaving a healthier cohort that remains on treatment. Further research on patterns of DMARD discontinuation following HFI is warranted to better understand the risk associated with continued DMARD therapy at the time of HFI.
The current study has several strengths. The use of large, national administrative databases allowed us to identify relatively rare events. The comprehensive nature of our data sources allowed inclusion of and adjustment for relevant covariates that affect the risk of HFI. Our definition of HFI was novel compared to previous studies, and was based on the most common infection-related hospitalizations from the NHDS, so our definition systematically captured the most commonly-used ICD-9-CM codes for HFI. The validation results demonstrate that this definition captured our desired endpoint accurately. This study has several limitations. ICD-9-CM codes have varying degrees of validity, causing bias due to misclassification. 16, 24 However, our validation of the study outcome demonstrated very good agreement between our ICD-9-CM definition and electronic medical records (kappa = 0.80). Our RA and covariate definitions were developed using VA data 11, 30 and have been widely applied in other epidemiologic studies using administrative data. 15, 21 There is insufficient current evidence to rank DMARDs by their immunosuppressive qualities. Therefore we chose to group them according to their roles in the treatment of RA based on disease severity, supported by current practice guidelines. 18, 20, 25 While our grouping methodology did not allow evaluation of risk associated with most individual medications, it provided sufficient statistical power to reach meaningful conclusions about infection risk for TNF-> antagonists, a key focus of our study.
TNF-> antagonists have been associated with an increased risk of tuberculosis, coccidiomycosis, and histoplasmosis. 33 The current study was not designed to examine these endpoints. We included only those infections that caused at least 10,000 hospitalizations among patients aged 15 years or more according to the 2005 NHDS. 6 These infections did not meet this minimum frequency threshold and were not included in our analysis. We believe that our study highlights the significant impact TNF-> antagonists have beyond granulomatous infections.
RA severity is correlated with increased risk for infection, 10 causing confounding by indication in the attribution of outcomes to medications. Although there is no widely accepted tool to control for RA severity using administrative data, surgical procedures have been identified as a marker of RA disease severity, 32 and have been used in previous studies to control for it. 2, 4, 28 We used intraarticular steroid injection and orthopedic procedures to adjust for RA disease severity, and these procedures were correlated with higher medication group in our study. A study evaluating the relative impact of RA treatment and severity on infection risk estimated that approximately one-third of the excess infection risk was related to RA severity, while twothirds was related to treatment. 9 Thus, the excess infection seen in higher medication groups was likely caused in part by medication, and in part by RA severity.
Finally, patients who receive health benefits through the Veterans Health Administration may receive medical care from non-VA hospitals as well as VA hospitals (''dual use''). Dual use will limit the ability of a study to determine accurate incidence rates. However, as long as the dual use is nondifferential in content and evenly distributed among relevant covariates, it will not affect the accuracy of studies examining risk factors for outcomes occurring within the VA healthcare system. Prior studies suggest that dual use is more common among patients aged Q65 years. 29, 34 This practice may potentially introduce bias in our study population. First, if dual users are more likely to be hospitalized for infection at non-VA hospitals, the HFI rate will be decreased in the current study. One might hypothesize that patients with infection may be more likely to seek care at a hospital closer to their home. To account for this possibility, our multivariate model was adjusted for proximity to the nearest VA hospital. Our estimates of the impact of age and comorbid conditions on HFI may be blunted if older patients, who may have a higher comorbidity burden, are more likely to be hospitalized for infection at non-VA hospitals. Prior studies have shown that older age has little effect on differential DMARD selection for treatment of RA. 1, 13, 14, 26 Based on these factors, we do not believe that dual use will substantially affect our estimates of impact of specific DMARDs on HFI risk.
This study demonstrates that patients with RA treated with TNF-> antagonists or prednisone are at increased risk for infections requiring hospitalization. HFIs are associated with significant morbidity and mortality, as well as cost. The overall effectiveness of a medication is determined not only by its therapeutic efficacy, but also by the magnitude and impact of associated adverse events. Data from the current study contribute to the understanding of the overall safety of TNF-> antagonists, and may guide clinical decision-making in patient selection for treatment.
